birdsong chipping sparrow frequency excursion song sparrow swamp sparrow vocal deviation vocal performance vocalization Our understanding of the evolution and function of animal displays has been advanced through studies of vocal performance. A widely used metric of vocal performance, vocal deviation, is limited by being applicable only to vocal trills, and also overlooks certain fine-scale aspects of song structure that might reflect vocal performance. In light of these limitations we here introduce a new index of vocal performance, 'frequency excursion'. Frequency excursion calculates, for any given song or song segment, the sum of frequency modulations both within and between notes on a per-time basis. We calculated and compared the two performance metrics in three species: chipping sparrows, Spizella passerina, swamp sparrows, Melospiza georgiana, and song sparrows, Melospiza melodia. The two metrics correlated as expected, yet frequency excursion accounted for subtle variations in performance overlooked by vocal deviation. In swamp sparrows, frequency excursion values varied significantly by song type but not by individual. Moreover, song type performance in swamp sparrows, according to both metrics, varied negatively with the extent to which song types were shared among neighbours. In song sparrows, frequency excursion values of trilled song segments exceeded those of nontrilled song segments, although not to a statistically significant degree. We suggest that application of frequency excursion in birds and other taxa will provide new insights into diverse open questions concerning vocal performance, function and evolution. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Much research in the fields of sexual selection and animal communication has focused on mating signals and displays, produced by animals as they compete for access to prospective mates (Andersson, 1994; Bradbury & Vehrencamp, 2011; Searcy & Nowicki, 2005; Seyfarth et al., 2010) . Some mating displays seem to require high vigour or skill to be performed effectively (Byers, Hebets, & Podos, 2010; Darwin, 1871) . As such, only the 'best' signallers in a population should be able to execute the most complex or challenging displays, rendering these displays reliable as indicators of signaller quality (Byers et al., 2010; Cardoso, 2013a) . Empirical evidence available to date, while limited, suggests that variation in display performance can indeed hold functional value, both to males assessing potential competitors and to females assessing prospective mates (e.g. Arak, 1983; Barske, Schlinger, Wikelski, & Fusani, 2011; Reichert & Gerhardt, 2012; Vehrencamp, Bradbury, & Gibson, 1989; Welch, Semlitsch, & Gerhardt, 1998; Wilgers & Hebets, 2011; Zanollo, Griggio, Robertson, & Kleindorfer, 2013) .
Useful recent insights into display performance variation and its functional consequences have emerged through studies of vocal displays in vertebrates, including song in songbirds (e.g. Byers, 2007; Nowicki, Peters, & Podos, 1998; Podos, Lahti, & Moseley, 2009; Sakata & Vehrencamp, 2012; Spencer & MacDougallShackleton, 2011) . Songbirds sing using multiple motor systems, namely the syrinx (sound source), respiratory system and vocal tract (reviewed by: Podos et al., 2009; Podos & Nowicki, 2004;  
